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Resumo 
A exodontia dos terceiros molares é um procedimento comum na cirurgia buco-
maxilo-facial. A avaliação radiográfica pré-operatória auxilia na elaboração de um 
adequado planejamento cirúrgico. A radiografia interproximal extraoral (IPE), 
modalidade de imagem recentemente desenvolvida e derivada da radiografia 
panorâmica (PAN), tem se destacado por permitir a visualização das coroas dentárias 
e ápices radiculares da região de canino aos terceiros molares, expondo uma menor 
área do paciente à radiação. Porém, a utilização da IPE na avaliação dos terceiros 
molares inferiores ainda não foi investigada na literatura. Os objetivos nesse estudo 
foram comparar a performance da PAN e da IPE no diagnóstico dos terceiros molares 
inferiores e avaliar a dose de exposição em órgãos críticos expostos durante a 
realização de ambos exames por imagem. Foram utilizadas imagens de PAN e IPE 
obtidas a partir de um crânio e vinte mandíbulas humanas secas que apresentavam 
um total de 34 terceiros molares inferiores. Os terceiros molares foram avaliados de 
acordo com o posicionamento (angulação e profundidade de impactação), presença 
de sinais radiográficos de proximidade com o canal da mandíbula, relação mesio-distal 
entre o terceiro e o segundo molar e relação vertical entre os ápices radiculares e o 
canal da mandíbula. Como padrão de referência para avaliação da relação vertical, 
foram utilizadas imagens obtidas por meio de tomografia computadorizada de feixe 
cônico (TCFC). A mensuração da dose de exposição de superfície relacionada à PAN 
e a IPE foi realizada por meio de dosímetros termoluminescentes (TLDs), os quais 
foram distribuídos ao longo de sete locais pré-determinados na região de cabeça e 
pescoço de um phantom antropomórfico. Para a análise estatística, os testes Kappa 
ponderado, McNemar Bowker, ANOVA two-way e o coeficiente de correlação 
intraclasse (ICC) foram realizados. O posicionamento dos terceiros molares inferiores 
não diferiu entre os exames por imagem comparados (p=1,000). Uma maior 
quantidade de sinais radiográficos de proximidade foi observada na IPE, no entanto 
sem diferença significativa em relação à PAN (p=0,247). Apesar das imagens de IPE 
terem apresentado uma redução na sobreposição das faces proximais entre o 
segundo e terceiro molar, esse resultado não foi estatisticamente significante 
(p=0,079). Quanto à relação vertical, embora não tenham sido observadas diferenças 
significativas entre a PAN e ao IPE na avaliação da distância entre o terceiro molar e 
o canal da mandíbula (p=0,072), verificou-se que há uma tendência de aproximação 
entre essas estruturas quando avaliadas na IPE. Ambos os exames radiográficos 
diferiram estatisticamente quando comparados com as imagens de TCFC (p<0,05). A 
dose de exposição relacionada à IPE foi maior que à PAN (p<0,05), com destaque 
para a região da glândula submandibular, que foi exposta a uma dose 
significativamente maior que as demais regiões. Em conclusão, a IPE demonstrou 
tendência de aproximar as raízes dentárias e o canal da mandíbula, mas apresentou 
uma diminuição na sobreposição das faces proximais com o segundo molar. A maior 
dose de exposição relacionada à interproximal extraoral ressalta a revelância de 
seguir o princípio ALADA para escolha da modalidade de imagem adequada para a 
tarefa de diagnóstico específica. 
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The third molar removal is a common procedure in maxillofacial surgery, and 
preoperative radiographic evaluation is essential for an adequate surgical planning. 
The extraoral bitewing radiography (EBW), a recently developed imaging modality 
derived from panoramic radiography (PAN), has been stood out to allow the 
visualization of dental crowns and roots from canine to the third molars, exposing a 
smaller area of the patient to radiation. However, the use of EBW in the assessment 
of mandibular third molars has not been investigated in the literature. The aim of this 
study was to compare the performance of EBW and PAN in the diagnosis of 
mandibular third molar and to evaluate the exposure skin surface dose in critical organs 
exposed during both exams. Images of PAN and EBW obtained from a skull and 20 
dry human mandibles were used, with a total of 34 mandibular third molars. The third 
molars were evaluated according to the positioning (angulation and depth of 
impaction), presence of radiographic signs of proximity to the mandibular canal, mesio-
distal relationship between the third and second molars and vertical relationship 
between the root apex and the mandibular canal. Cone beam computed tomography 
(CBCT) images were obtained and used to serve as a reference standard for 
evaluation of the vertical relationship. Measurement of the exposure skin surface dose 
related to PAN and EBW was performed using thermoluminescent dosimeters (TLDs), 
which were distributed over seven predetermined sites in the head and neck region of 
an anthropomorphic phantom. For statistical analysis, the weighted Kappa test, 
McNemar Bowker, two-way ANOVA and the intraclass correlation coefficient (ICC) 
were performed. The positioning of the mandibular third molars did not differ between 
the imaging modalities compared (p=1.000). More radiographic proximity signs were 
observed in the EBW, however without significant differences in relation to PAN 
(p=0.247). Although the EBW images showed a reduction in the overlap of the proximal 
faces between the second and third molars, this result was not statistically significant 
(p=0.079). Regarding the vertical relationship, although no significant differences were 
observed between PAN and EBW in the assessing the distance between the third 
molar and the mandibular canal (p=0.072), there was a tendency to approximate these 
structures when evaluated in EBW. Both imaging modalities differed statistically when 
compared to CBCT images (p<0.05). The exposure dose related to EBW was higher 
than that of PAN (p<0.05), especially in the submandibular gland region, which was 
exposed at a significantly higher dose than other regions. In conclusion, the EBW has 
shown a tendency to approach the dental roots and the mandibular canal, but also 
demonstrated a decrease in the overlap of the proximal faces with the second molar. 
The higher exposure dose related to extraoral bitewing highlight the relevance of 
following the ALADA principle to choose the appropriate imaging modality for the 
specific diagnostic task. 
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A exodontia dos terceiros molares é um dos procedimentos mais rotineiros na 
prática da cirurgia buco-maxilo-facial (Bataineh, 2001). Entre as condições comuns 
que levam a esta indicação, estão a pericoronarite, destruição por lesão cariosa e a 
remoção profilática (Bruce et al., 1980; Marciani, 2007; Divaris et al., 2012). A 
avaliação prévia ao procedimento cirúrgico é composta por um minucioso exame 
clínico, seguido do exame complementar por imagem. Para que o exame por imagem 
seja útil para a avaliação dos terceiros molares inferiores, esse deve fornecer 
informações referentes ao dente, suas raízes e estruturas anatômicas adjacentes, 
como o curso do canal da mandíbula (Matzen; Wenzel, 2015). O auxílio da imagem 
para um adequado planejamento cirúrgico é fundamental para reduzir complicações 
pós-operatórias como dor, sangramento excessivo, tumefação, infecção e trismo, 
assim como, distúrbios neurossensoriais transitórios ou permanentes (Sedaghatfar et 
al., 2005; Ziccardi et al., 2007). 
Uma radiografia periapical previamente a intervenção cirúrgica pode ser suficiente, 
se a técnica intraoral prover as informações que assegurem o diagnóstico e o 
planejamento adequado (Matzen; Wenzel, 2015). Quando utilizada a técnica do 
paralelismo, a radigrafia periapical apresenta como vantagem uma maior nitidez e 
uma menor magnificação da imagem comparada a radiografia panorâmica (Schropp 
et al., 2009). No entanto, a dificuldade em posicionar o receptor de imagem na 
cavidade oral na região dos terceiros molares inferiores e o desconforto 
ocasionalmente gerado para o paciente pode favorecer a obtenção de uma imagem 
inapropriada para o diagnóstico e a necessidade de repetição da técnica radiográfica 
(Matzen et al., 2009). Além disso, o receptor de imagem digital de aquisição-direta 
usualmente possui a presença de um fio conector e apresentam maior espessura e 
menor área ativa comparado ao filme radiográfico convencional e a placa de 
armazenamento de fósforo, fatos esses que podem contribuir para a ocorrência de 
erros na obtenção da imagem intraoral adequada (Wenzel et al., 2010).  
Neste sentido, a radiografia panorâmica é a técnica de imagem eleita para 
avaliação dos terceiros molares por caracterizar-se como uma técnica extraoral que 
apresenta mínimo desconforto, relativa baixa dose de radiação quando comparada 
com à técnica intraoral no âmbito de visualização dos quatro terceiros molares em 




dentes, suas raízes e estruturas adjacentes. Dessa forma, a radiografia panorâmica 
possibilita a análise do grau de impactação dentária, do estado do desenvolvimento 
radicular, da angulação do dente, da quantidade e morfologia das raízes, das 
patologias relacionadas e da relação dos dentes/raízes com estruturas anatômicas 
relevantes, como o canal da mandíbula (Matzen; Wenzel, 2015). 
Uma série de estudos na literatura correlacionam sinais radiográficos presentes 
entre as raízes dos terceiros molares inferiores e o canal da mandíbula, sugerindo 
relação de proximidade entre essas estruturas e, consequentemente, maior risco de 
injúria ao nervo alveolar inferior (NAI) (Rood; Shehab, 1990; Bell, 2003; Sedaghatfar 
et al., 2005; Renton et al., 2005; Gomes et al., 2008; Atieh, 2010; Neves et al., 2012). 
Dentre esses sinais estão o desvio do canal, estreitamento do canal, estreitamento 
das raízes, escurecimento das raízes, curvatura dos ápices, ápice radicular bífido, 
perda da cortical óssea do canal e a radiolucência justa-apical (Rood; Shehab, 1990; 
Renton et al., 2005). Entretanto, a radiografia panorâmica nem sempre fornece dados 
confiáveis sobre a relação precisa entre as estruturas anatômicas relevantes, devido 
à característica bidimensional da imagem, omitindo informações acerca da relação 
vestíbulo-lingual e apresentando distorções inerentes ao processo de formação da 
imagem (Gomes et al., 2008; Ghaeminia et al., 2011; Neves et al., 2012). Desta forma, 
na presença de um ou mais sinais radiográficos que sugerem relação de proximidade 
entre as raízes dentárias e o canal da mandíbula, recomenda-se uma avaliação 
tridimensional com o objetivo de esclarecer a verdadeira relação entre essas 
estruturas (Öhman et al., 2006). Essa avaliação, por sua vez, pode ser realizada por 
meio de imagens de tomografia computadorizada (TC).  
O advento da TC ocorreu em 1972, quando o engenheiro Godfrey Newbold 
Hounsfield e o físico Allan McLeod Cormack desenvolveram o primeiro tomógrafo 
computadorizado. O exame de TC permite a visualização tridimensional da região de 
interesse, sem a sobreposição de estruturas por meio de reconstruções multiplanares. 
Atualmente existem duas modalidades de TC bastante utilizadas para fins de 
diagnóstico, e essas são diferenciadas a partir da geometria do feixe de radiação X 
empregado: 1) TC de feixe em leque ou fan beam; 2) TC de feixe cônico ou cone 
beam, sendo este último com maior aplicação em Odontologia. A tomografia 
computadorizada de feixe cônico (TCFC) apresenta características particulares que 




diminuição do espaço físico requerido para o aparelho, boa visualização de tecidos 
duros, capacidade de fornecer imagens com resoluções espaciais submilimétricas, 
relativa baixa dose de radiação ionizante comparada com a TC de feixe em leque e a 
diversidade de campos de visão (FOVs, do inglês field of view) apresentada por uma 
variedade de aparelhos atualmente disponíveis no mercado para a aquisição de 
imagens (Flygare; Öhman, 2008). 
Por esses motivos, a análise dos terceiros molares inferiores por meio de exames 
de TCFC tem sido alvo de diversos estudos, e muitos deles verificaram que a 
avaliação tridimensional pode contribuir para a melhor compreensão dos riscos 
envolvidos na exodontia, auxiliando assim, o planejamento cirúrgico (Tantanapornkul 
et al., 2007; Ghaeminia et al., 2011; Neves et al., 2012; Matzen; Wenzel, 2015). 
Contudo, a contribuição do exame de TCFC na redução de casos de injúria 
permanente ao NAI é controversa, uma vez que estudos prévios também relataram 
que não houve diminuição dos casos de injúria mesmo quando o exame de TCFC foi 
realizado previamente (Petersen et al., 2012).  
Nesse sentido, a avaliação bidimensional por meio do exame radiográfico 
periapical e panorâmico previamente ao procedimento cirúrgico podem ser suficientes 
para a maioria dos casos, beneficiando o paciente na redução da dose de radiação X 
e ainda quanto ao custo monetário para realização do exame (Petersen et al., 2014; 
SEDENTEXCT, 2012). O exame de TCFC deveria ser considerado então, somente 
para casos específicos onde a imagem bidimensional sugerir relação de proximidade 
entre as raízes do terceiro molar inferior e o canal da mandíbula, e quando acredita-
se que as informações provenientes de uma avaliação tridimensional podem modificar 
o planejamento ou o tratamento (Matzen; Wenzel, 2015). 
Por essas razões, é importante destacar que o conhecimento dos benefícios e 
limitações de cada modalidade irá guiar o processo de escolha do método de imagem 
mais apropriado para cada caso em particular. O novo conceito ALADA (“As low as 
diagnostically acceptable”) foi introduzido com a finalidade de enfatizar a importância 
de se obter imagens que proporcionem o diagnóstico desejado e que utilizem a menor 
dose de radiação para o paciente (NCRP, 2014; Jaju; Jaju, 2015; Bushberg, 2015). 
Nessa perspectiva de otimização, a indústria tecnológica tem desenvolvido aparelhos 
de radiografia panorâmica, que possibilitam a aquisição de modalidades de imagem 




Esse recente exame por imagem permite a visualização das coroas dentárias e 
ápices radiculares, estendendo-se da região de canino à região dos terceiros molares, 
abrangendo também as estruturas anatômicas que os circundam. A maioria dos 
estudos presentes na literatura sobre a interproximal extraoral foram direcionados 
para a tarefa do diagnóstico de lesão de cárie nas faces proximais das coroas 
dentárias (Kamburoglu et al., 2012; Abu El-Ela et al., 2016; Terry et al., 2016). No 
entanto, a região dos terceiros molares também é contemplada na imagem e, até o 
presente momento, não foram encontrados estudos que investiguem a utilização da 
radiografia interproximal extraoral na avaliação dos terceiros molares inferiores e suas 
relações com as estruturas anatômicas adjacentes. Além disso, devido a busca 
constante pela minimização da exposição aos pacientes à radiação ionizante sem a 
perda das informações suficientes para o diagnóstico, torna-se imprescindível a 
avaliação da performance da interproximal extraoral, que expõe uma menor área do 
paciente em relação à radiografia panorâmica. 
Diante do exposto, o presente estudo teve como objetivo avaliar a performance da 
radiografia interproximal extraoral em comparação com a radiografia panorâmica, em 
relação ao diagnóstico dos terceiros molares inferiores, bem como comparar as doses 
de exposição de superfície da região dos órgãos críticos expostos durante a 
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Objectives: To compare the performance of extraoral bitewing radiography (EBW) 
and panoramic radiography (PAN) in the assessment of mandibular third molars, as 
well as to evaluate the radiation exposure dose related to both imaging modalities.  
Methods: PAN and EBW images from one skull and twenty dry mandibles were 
obtained using a CRANEX 3D unit, totalling 34 mandibular third molars. The teeth were 
evaluated according to their positioning, mesio-distal relationship with the second 
molar and vertical relationship with the mandibular canal. Cone beam computed 
tomography (CBCT) images were obtained to serve as reference standard to evaluate 
the vertical relationship. The exposure dose at skin surface of head and neck sensitive 
organs was measured in PAN and EBW exams using thermoluminescent dosimeters 
(TLDs) and an anthropomorphic phantom. McNemar Bowker test, weighted Kappa, 
Two-way ANOVA and Intraclass Correlation Coefficient (ICC) were performed.  
Results: Tooth positioning did not differ between the imaging modalities (p=1.000). 
Although the EBW showed a decrease in the overlap between proximal faces of the 
second and thrid molars, and a trend approximating the root apex and the mandibular 
canal, there were no statistically differences between the EBW and PAN in the 
assessment of mandibular third molars (p˃0.05). A higher exposure dose was related 
to EBW than to PAN (p<0.05). 
Conclusions: EBW showed a tendency to approach the dental roots and the 
mandibular canal, but also demonstrated a decrease in the overlap of proximal faces 
with the second molar. The higher exposure dose related to extraoral bitewing highlight 
the relevance of following the ALADA principle to choose the appropriate imaging 
modality for the specific diagnostic task. 
 








Surgical removal of mandibular third molars is one of the most common 
procedures in the daily practice of oral and maxillofacial surgery.1 Radiographic 
examinations has a great value to provide relevant informations to the treatment 
planning to reduce postoperative complications such as pain, excessive bleeding, 
swelling, infection and trismus, as well as transitory or permanent neurosensorial 
disorders.2,3 The periapical radiographs before the surgical procedure of the third molar 
could be enought, if they provide information that ensure the diagnostic task.4 
However, some limitations mainly related to the positioning of the image receptor in 
the region of interest can interfere with obtaining an adequate image for diagnosis 
purpose, requiring a repetition of the radiographic exam.5 
For this reason, the panoramic radiography (PAN) is the most widely used 
techinique for preoperative assessment of third molars, and its use is justified by its 
advantages, such as broad view of the jaws, low cost, widely accessible and low 
radiation dose compared to cone beam computed tomography (CBCT).6,7 Thus, the 
capacity to assess the relationship between the mandibular canal and the third molar 
added to the possibility to predict the inferior alveolar nerve (IAN) injury, explain why 
PAN is usually the image modality chosen for this diagnostic task.8,9 Nevertheless, in 
specific cases when it is believed that the three-dimensional assessment of these 
structures could change the surgical planning and treatment, the CBCT should be 
indicated,4 although the relation between its use and the reduction of nerve injury is 
still controversial in the literature.10 
The concept of ALADA (“As low as diagnostically acceptable”) has been 
recently introduced to emphasize the importance of optimization in medical imaging.11-
13 In this context, extraoral bitewing radiography (EBW) is a relatively new image 
modality that has image coverage of the crown, roots and adjacent anatomical 
structures from canines until the third molars. Thus, taking into account the ALADA 
concept, this imaging modality could be useful for different diagnosis tasks and 
supposedly to present lower radiation doses, since it acquires image of a smaller 
region of interest than panoramic radiography. 
Some studies have used EBW to survey proximal carie lesions.14-16 However, 




mandibular third molar preoperative assessment or even the dose of exposure related 
to this exam. Therefore, the present study aimed to compare the performance of 
extraoral bitewing radiography (EBW) and panoramic radiography (PAN) in the 
assessment of mandibular third molars, as well as to evaluate the exposure skin 
surface dose in the regions of critical organs exposed during the acquisition of both 
image modalities. 
 
MATERIAL AND METHODS 
The present study was approved by the local institutional research ethics 
committee (protocol # 108311/2016).  
Study sample 
The sample was composed of PAN, EBW and CBCT images of 1 skull and 20 
dry mandibles. In this study it was included mandibles with good state of preservation 
and which had at least one third molar. Teeth with extensive coronal destruction from 
caries lesions, incomplete root formation, mandibles with intraosseous lesions at third 
molar region and dento-alveolar or bone fractures were excluded. The final sample 
was composed of 34 mandibular third molars, of which 30 had the adjcent second 
molar. 
Image acquisition 
PAN and EBW images were obtained using a Cranex 3D unit (Soredex, 
Tuusula, Finland) operating at 57 kVp, 6,3 mA and acquisition time of 16,4s and 8,6s, 
respectively. Each mandible was fixed to the dry skull and both were positioned,guided 
by the apparatus, with the median sagittal plane perpendicular to the Frankfurt plane 
and this parallel to the horizontal plane. PAN and EBW images of each skull/mandible 
set were obtained without positioning changes, in order to standardize the image 
acquisition for both imaging modalities.  
CBCT images were obtained using a Picasso Trio unit (Vatech, Hwaseong, 
South Korea), operating at 90 kVp, 5mA, 0.2-voxel size and 8.5 x 12 cm of field of view 
(FOV). The mandibles were positioned inside a cylindrical plastic container with the aid 
of utility wax adapted to the anterior and posterior regions of the mandible body and 




container was completely filled with water in order to attenuate the X rays, simulating 
attenuation of soft tissues.17 
Image assessment 
All images were evaluated by two calibrated oral radiologists on a 24.1-inch LCD 
monitor with a spacial resolution of 1920 x 1200 (MDRC-2124, Barco N.V., Courtray, 
Belgium) in a quiet room under dim lighting conditions. Examiners were allowed to 
manipulate zoom, brightness and contrast. PAN and EBW images were exported in 
TIFF (tagged image file format) and assessed using ImageJ software (National 
Institutes of Health, USA).  
The mandibular third molars were evaluated in the PAN and EBW images, 
according to Winter's18 (vertical, mesioangular, distoangular and horizontal) and Pell 
and Gregory's19 (relation with mandibular ramus and occlusal plane) classifications, 
respectivelly. The presence of radiographic signs of proximity between the dental roots 
and the mandibular canal was also recorded.20 Additionally, the relationship between 
the third molars and the mandibular canal was classified, considering the root apex 
nearest of the canal, as overlapped, in contact and distant. In the cases of distance, 
measurements were performed and subclassified in distances >1mm or ≤1mm (Figure 
1).21  
 
Figure 1 – Cropped images of PAN radiography showing the anatomical relationships 
between the third molar root apex and the mandibular canal, classified as: Distant 






The mesio-distal relation between the second and the third molars were also 
assessed and classified, as follows: distant, when there was no point of contact 
between these teeth; in contact, when there was a contact point between their proximal 
faces; or overlapping, when there was overlapping of their proximal faces (Figure 2). 
 
 
Figure 2 – Cropped images of PAN radiography showing the mesio-distal relationship 
between the second and third molars, classified as: Distant (A); In contact (B); And 
with overlap between the proximal faces (C). 
 
The CBCT images were analysed using OnDemand3D software (Cibermed Inc, 
Seoul, Korea), for the assessment of third molars and the mandibular canal it was 
performed an adaptation of the methodology of Chong et al.22 Oblique multiplanar 
reconstructions (axial, coronal and sagittal) were adjusted according to the long axis 
of root of the mandibular third molar and assessed using the following parameters: 
Initially a horizontal line was defined passing throught the root apex closest to the 
mandibular canal. Next, a classification was established based on the vertical 
relationship between the upper cortical of the canal and that predefined horizontal line. 
In cases that the mandibular canal was below the horizontal line, it was classified as 
distant and a vertical measurement was performed. When the upper cortical of the 
canal touched the horizontal line, this relationship  was classified as in contact. And 
finally, when the upper cortical of the mandibular canal was above the horizontal line, 





Figure 3 – CBCT images showing the vertical relationship classified as distant (A), in 
contact (B) and adjacent to the third molar root (C). 
 
PAN, EBW and CBCT images were evaluated separately and at different times, 
with an interval of two weeks between them. After the evaluations, the findings were 
compared between the examiners and, in cases of disagreement, the images were re-
evaluated together untill a final consensus was reached. For numeral variables 
(distance between the root apex and the mandibular canal), the mean values of the 
two examiners were calculated and used to compare with the imaging modalities. 
Dosimetry 
The measurement of the exposure dose in the skin surface at sensitive head 
and neck organs related to PAN and EBW was performed using thermoluminescent 
dosimeters (TLDs) (TLD-100, LiF:Mg,Ti size 3x3x1mm). Three TLDs where distribuited 
over seven pre-determined regions of the anthropomorphic phantom (Nacional Ossos, 
Brazil).23 The TLDs were positioned in the lens of the eye (right and left side), parotid 
gland (right and left side), submandibular gland (right and left side) and thyroid gland. 
The energetic parameters used were 66 kVp and 8mA for both imaging modalities and 
acquisition time of 16.4s for PAN and 8.6s for EBW, which are the recommend for an 
average adult.  
Then, the TLDs were exposed five times, without change the phantom position, 
to allow the detection of low doses of radiation and provide a more reliable measure in 




outside the examination room and subtracted from all field TLD values. Dosimetric 
values were obtained using a Harshaw 2000 reader (Thermo Fisher Scientific Inc., 
Waltham, MA, USA).  For verifing the reproducibility of the values, the dosimetry was 
reapeted after a month. The final values averages were calculated and divided by the 
number of times that the TLDs were exposed (5), to determine the exposure dose at 
skin surface in each region of interest, in milligrays (mGy). 
Statistical analysis 
 Data were analyzed using specific software (SPSS Inc., version 22.0, IL, 
Chicago, USA). The interexaminer agreement was calculated using weighted Kappa 
test, to verify the agreement before the consensus between the examiners. The 
McNemar Bowker test was used to evaluate categorical variables related to third 
molars analysis in the imaging exams. The exposure dose of PAN and EBW exams 
were compared using Two-way ANOVA test, and the Intraclass Correlation Coefficient 
(ICC) was used to verify the reproducibility of the dosimetry values. The level of 






The interexaminer agreement Kappa values before the consensus for the EBW, 
PAN and CBCT scans achieved almost perfect results following Landis and Koch 
(1977)24 (0.8 to 0.95) for all parameters evaluated. 
Regarding the assessment of tooth positioning (Winter’s and Pell and Gregory's 
classifications), whose distribution can be seen in Table 1, the same diagnosis was 
made with EBW and PAN in all cases (p=1.000). As for the detection of radiographic 
signs of proximity, more signs were observed in the EBW images, in particular the 
darkening of the roots, although no difference was found between both imaging 





Table 1 – Evaluation of the tooth positioning (angulation and impaction) according to 
Winter’s and Pell and Gregory’s classifications in PAN and EBW. 
 





Vertical Mesioangular Horizontal Distoangular  
   Vertical 25 0 0 0 25 (73.5) 
   Mesioangular 0 3 0 0 3 (8.8) 
   Horizontal 0 0 6 0 6 (17.7) 
   Distoangular 0 0 0 0 0 (0) 
Total 25 (73.5) 3 (8.8) 6 (17.7) 0 (0) 34 (100) 
      
Pell and Gregory´s 
classification 
A B C -  
   A 0 0 0 - 0 (0) 
   B 0 33 0 - 33 (97.1) 
   C 0 0 1 - 1 (2.9) 
Total 0 (0) 33 (97.1) 1 (2.9) - 34 (100) 
      
 I II III -  
   I 27 0 0 - 27 (79.4) 
   II 0 7 0 - 7 (20.6) 
   III 0 0 0 - 0 (0) 




































      
Absent 22 4 0 0 0 26 (76.5) 
Darkening of the roots 1 3 0 0 0 4 (11.7) 
Deflected roots 0 0 1 0 0 1 (2.9) 
Interruption of the 
cortical line 
0 1 0 1 0 2 (6.0) 
≥2 radiographic signs 
together 
0 0 0 0 1 1 (2.9) 
Total 23 (67.7) 8 (23.5) 1 (2.9) 1 (2.9) 1 (2.9) 34 (100) 
*p=0.247, according to McNemar-Bowker test. 
  
Table 3 summarizes the PAN and EBW findings related to the assessment of 
anatomical relationship between the root apex of mandibular third molars and the 
mandibular canal. In the PAN images, a uniform distribution was observed among the 
proximity relations (distance greater than or less than 1mm, contact and overlapping), 
each presenting a frequency between 17.7% and 29.4% of the sample. In contrast, 
there was an increase in the number of cases of overlapping relationship when the 
EBW images were evaluated (from 29.4% in PAN to 41.2% in EBW). In an overview, 
whenever there was a discordance between the imaging modalities, this occurred in 
the direction of the closer relationship be identified in the EBW (Figure 4). Therefore, 
although no statistically significant difference was been found between PAN and EBW 
in the evaluation of the relation of the third molar to the mandibular canal (p=0.072), a 
tendency of closer approximation between these anatomical structures was observed 





Table 3 – Comparison of the PAN and EBW imaging findings related do evaluation of 
anatomical relationship between the mandibular third molars and the mandibular canal. 
 Extraoral bitewing 





     
Distant (>1mm) 8 2 0 0 10 (29.4) 
Distant (≤1mm) 0 5 1 0 6 (17.7) 
Contact 0 0 4 4 8 (23.5) 
Overlapping 0 0 0 10 10 (29.4) 
Total 8 (23.5) 7 (20.6) 5 (14.7) 14 (41.2) 34 (100) 
*p=0.072, according to McNemar-Bowker test. 
 
 
Figure 4 – Cropped images of panoramic radiograph (A) and extraoral bitewing (B) of 
the same tooth showing, respectively, a relation of a distance <1mm (A) and contact 
(B) between the root apex of the third molar and the mandibular canal (white arrow). 
The evaluation of the anatomical relationship between the mandibular third 
molars and the mandibular canal in PAN and EBW compared to the CBCT, which 




mandibular canal was not clearly observed by CBCT images, hence only 32 teeth were 
assessed. Both imaging modalities were statistically different from CBCT (p=0.002 for 
PAN, and p=0.001 for EBW). The most and least frequent vertical relationships found 
in CBCT were, respectively, the distance more than 1 mm (59.4%) and the adjacency 
(9.4%). In contrast, the most frequent relation in both radiographic modalities was the 
overlapping (31.25% for PAN and 37.5% for EBW). In addition, in all cases of 
discordance found between the radiographic images and the reference standard, both 
PAN and EBW showed closer relations between the tooth and the mandibular canal 
than that seen in the CBCT images (Table 4). 
 
Table 4 – Assessment of the anatomical relationship between the mandibular third 














      
Distant (>1.0mm) 
10 0 0 0 
10 
(31.25) 
Distant (≤1.0mm) 6 0 0 0 6 (18.75) 
Contact 3 1 2 0 6 (18.75) 
Overlapped/ 
Adjacent 
0 0 7 3 
10 
(31.25) 
Total 19 (59.4) 1 (3.1) 9 (28.1) 3 (9.4) 32 (100) 
      
Extraoral 
bitewing* 
Distant (>1.0mm) 8 0 0 0 8 (25) 
Distant (≤1.0mm) 7 0 0 0 7 (21.9) 
Contact 3 1 1 0 5 (15.6) 
Overlapped/ 
Adjacent 
1 0 8 3 12 (37.5) 
Total 19 (59.4) 1 (3.1) 9 (28.1) 3 (9.4) 32 (100) 
*p<0.05 according to McNemar-Bowker test. 
  
Regarding to the mesio-distal relationship between the third and second 




faces, whereas this number decreased to 50% in the EBW images (Table 5). Most 
cases identified as overlapping in EBW coincided with the result of PAN. However, 
cases of distance and contact had more disagreements between the imaging 
modalities. In most of these cases, there was a trend to distance the interproximal 
contacts in EBW images (Figure 5). However, this was not statistically significant. 
Table 5 – Horizontal relationship between the proximal surfaces of the mandibular 
second and third molars in the EBW and PAN images 
 Extraoral bitewing 
Total* n (%) 
Distant Contact Overlapping  
Panoramic radiography     
Distant  1 2 1 4 (10) 
Contact 2 1 0 3 (13.3) 
 Overlapping  4 5 14 23 (76.7) 
Total 7 (23.3) 8 (26.7) 15 (50) 30 (100) 
*p=0.079 according to McNemar-Bowker test. 
 
Figure 5 – Cropped panoramic radiograph shows the overlap of the interproximal 
contact between the second and third molar (A). Cropped extraoral bitewing showing 
the distance between proximal faces (B). 
Regarding to the dosimetry, the Intraclass Correlation Coefficient (ICC) showed 
good reproducibility (ICC = 0.7). In this way, the average of the dosimetric values were 




showed a significant increase in the total radiation exposure doses at the skin surface 
in the head and neck organs when EBW was acquired (Table 6). Considering each 
region individually, the only site that differed significantly between PAN and EBW was 
the submandibular gland region (0.365 mGy for PAN, and 0.883 mGy for EBW). 
Additionally, the radiation dose received by submandibular glands was also 
significantly higher than the other regions in both imaging modalities. 
Table 6 – Absorbed doses (mGy) of skin surface at sensitive organs for PAN and EBW. 
Organs 
Image modalities 
Panoramic Radiography Extraoral Bitewing 
Lens of the eye‡ 0.015 Ab  0.026 Ab  
Parotid gland‡ 0.093 Ab  0.045 Ab  
Submandibular gland‡ 0.365 Ba  0.883 Aa  
Thyroid gland 0.161 Ab  0.028 Ab  
Total 0.634 0.982 
‡ 
Sum of dosimeters of right and left sides. 




Several studies have reported that third molar extraction is associated with risk 
of IAN injury,2,21,25-27 which can be reduced by preoperative radiographic evaluation of 
anatomical relationship between this tooth and the mandibular canal.28 Although PAN 
and CBCT are the exams most commonly used for this purpose,2,29 the search for 
imaging modalities that provide an adequate diagnosis associated with a lower 
radiation dose is necessary and complies the ALADA principle of radioprotection.11-13 
In this sense, it seems the present study was the first to assess the performance of 
EBW on diagnosis of mandibular third molars and the exposure dose related, as well 
as compare it with PAN and CBCT findings. It was found that there were no significant 
differences between PAN and EBW on this specific diagnostic task, however, EBW 
was associated with a higher radiation exposure dose at sensitive head and neck 




Among the evaluated parameters, strong scores were found when comparing 
Winter18 and Pell & Gregory19 classifications, since there was no disagreement 
between the PAN and EBW images. The autors assessed the dental positioning 
because it is often associated with pathology such as marginal bone loss and 
resorption in the second molar, especially when third molars 
horizontal/mesioangulated are overprojected with the second molar.30 The identical 
performance of both imaging modalities can be attributed to macro features of this 
condition, since the possible differences in the image acquisition process were not 
enough to change the perception of tooth positioning. 
The identification of the radiographic signs that suggest a close relationship 
between the dental roots and the mandibular canal is valuable for an adequate 
treatment plan.31 In comparison with PAN images, the EBW showed a greater number 
of cases of darkening of the roots, although no significant difference was found 
between the two modalities in the detection of these signals. The darkening of the roots 
of the mandibular third molars can be considered an effective radiographic signal in 
the determination of the proximity between these anatomical structures, which 
increases the risk of IAN injury.32 
The assessment of the vertical relationship between the root apex of the third 
molar and the mandibular canal is directly related to clinical decision making. It is 
known that the intraoral radiographic technique allows changes in the vertical 
relationship between these anatomical structures, according to the vertical angle 
used.33 However, PAN and EBW do not allow the operator to make such changes in 
angulation in the x-ray beam. Since the modification of the image modality in the 
radiographic equipment results in the alteration in the process of image formation, so 
possible variations in the angulation could justify the subtle differences observed in the 
vertical relationship between third molar and the mandibular canal. 
Although no significant difference has been found in the vertical relationship 
between the root of the third molars and the mandibular canal in PAN and EBW 
images, it was verified that EBW had a tendency to approximate these structures. The 
overestimation of the anatomical proximity between the root apex and the mandibular 
canal may lead to a change in the treatment planning or in the continuity of the 
radiographic investigation and, consequently, affect the surgical approach or increase 




approximation phenomenon observed in EBW images may be related to a possible 
change in the shape of its image layer in comparison with that of PAN, which could 
lead to the relative change of mandible positioning within it.  
To verify the real anatomical relationship between the third molars and the 
mandibular canal, the CBCT was used as a reference standard for providing a three-
dimensional visualization of these structures.29 Both radiographic modalities differed 
significantly from CBCT and showed a greater proximity between the root apex of the 
third molar and the mandibular canal. The two-dimensional characteristics of PAN and 
EBW promotes a variable magnification in the resulting image, as well as upwards 
projection of lingually positioned structures due to fixed negative angulation of the 
multifunctional panoramic unit.29 Added to this, the image layer thickness and the 
positioning of the object within it can influence the image formation and affect the 
diagnostic process in the third molar region. Among the imaging modalities in the 
present study, there was a trend for panoramic radiography to present results slightly 
closer to the reference standard. 
In view of the ability of EBW to provide a better viewing of posterior proximal 
contacts, based on the improvement of the geometric projection for this region 
compared to PAN images, previous studies have investigated the use of EBW in the 
detection of interproximal caries lesions.14-16,34,35 However, these studies have not 
observed the mesiodistal relationship between the second and third molars, whose 
overlapping relationship can mask caries lesions or be indicative of the presence of 
pathological conditions such as external root resorption in the distal surface of the 
second molar.30,36,37 Although no significant differences have been found, our results 
suggest that EBW has a tendency to dissociate the overlapping or to distance the 
proximal faces of the second and third molars. Thus, EBW could provide a more 
adequate evaluation of mesiodistal relation of some third molars which are overlapped 
to second on PAN images. 
Additionally, to the diagnostic parameters evaluated in both PAN and EBW 
imaging modalities, the attention to the ALADA principles is essential. The radiation 
dose in CBCT exams range widely between devices and protocols used, but in general, 
it is known the dose related to PAN is lower than that in CBCT scans for third molars 
region.4,6,28,29 Therefore, to investigate if there is an optimization in the use of EBW in 




understanding of risks and benefits of this imaging modality by radiologists, dental 
practitioners and maxillofacial surgeons.12 
Despite the shorter acquisition time and the lowest dose area product (DAP) 
shown on the appliance display of the radiographic unit, the EBW showed a higher 
radiation exposure dose at sensitive head and neck organs than PAN, highlighting the 
submandibular gland region. The modification at the center of rotation in attempting to 
a better parallel incidence between the x-ray beam and the proximal faces of posterior 
teeth may be related to a longer exposure time in the region of the submandibular 
gland. On the other hand, it seems there is a tendency in decreasing exposure dose 
in the thyroid and parotid glands regions in EBW. This decrease may be related to the 
absence of image formation between the canine teeth and partial exposure of the 
mandibular ramus, respectively. 
Being an ex vivo study using human dry mandibles, this allowed the 
standardization of image acquisition in both imaging modalities, which was essential 
to avoid possible bias related to change of position of skull/mandibles between 
acquisitions of PAN and EBW. In addition, an inherent limitation of EBW that should 
be highlighted is the partial visualization of the mandibular ramus, which may make 
difficult the evaluation of included teeth and pathologies associated with this region. 
Future studies correlating clinical data or using other brand of radiographic equipment 
should be performed to compare the results of the EBW performance in the diagnosis 
of third molars. Furthermore, the use of EBW for preoperative evaluation of third molars 
should be considered with caution due the radioprotection issues. 
Further efforts should be dispensed to understand the effect of the mandible 
positioning on the image layer in the EBW imaging formation. This highlights there is 
a real need for manufacturers to provide more information about the new imaging 
modalities available on radiographic units, since modifying the image formation may 
influence a number of factors, which when understood may aid in the recommendation 







 In conclusion, EBW should be used with caution in the evaluation of third 
molars, because although it has been decreased the overlapping of the proximal faces 
with the second molar, it showed a tendency to approach the dental roots and the 
mandibular canal. The higher exposure dose related to extraoral bitewing highlight the 
relevance of following the ALADA principle to choose the appropriate imaging modality 
for the specific diagnostic task 
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 A radiografia interproximal extraoral deve ser usada com cautela para a 
avaliação dos terceiros molares inferiores, pois embora tenha apresentado uma 
diminuição na sobreposição das faces proximais com o segundo molar, demonstrou 
uma tendência de aproximar as raízes dentárias e o canal da mandíbula. A maior dose 
de exposição relacionada à interproximal extraoral ressalta a revelância de seguir o 
























Abu El-Ela WH, Farid MM, Mostafa MS. Intraoral versus extraoral bitewing radiography 
in detection of enamel proximal caries: an ex vivo study. Dentomaxillofac Radiol. 
2016;45(4): 20150326. 
Almendros-Marqués N, Berini-Aytés L, Gay-Escoda C. Evaluation of intraexaminer 
and interexaminer agreement on classifying lower third molars according to the 
systems of Pell and Gregory and of Winter. J Oral Maxillofac Surg. 2008;66(5): 893-9. 
Atieh MA. Diagnostic accuracy of panoramic radiography in determining relationship 
between inferior alveolar nerve and mandibular third molar. J Oral Maxillofac Surg. 
2010;68(1): 74-82. 
Bataineh AB. Sensory nerve impairment following mandibular third molar surgery. J 
Oral Maxillofac Surg. 2001;59(9): 1012-7. 
Bell GW. Use of dental panoramic tomographs to predict the relation between 
mandibular third molar teeth and the inferior alveolar nerve. Radiological and surgical 
findings, and clinical outcome. Br J Oral Maxillofac Surg. 2004;42(1): 21-7.  
Bruce RA, Frederickson GC, Small GS. Age of patients and morbidity associated with 
mandibular third molar surgery. J Am Dent Assoc. 1980;101(2): 240-5. 
Bushberg JT. Eleventh annual Warren K. Sinclair keynote address-science, radiation 
protection and NCRP: building on the past, looking to the future. Health Phys 2015; 
108: 115-23. 
Chong BS, Quinn A, Pawar RR, Makdissi J, Sidhu SK. The anatomical relationship 
between the roots of mandibular second molars and the inferior alveolar nerve. Int 
Endod J. 2015 Jun;48(6):549-55. doi: 10.1111/iej.12348 
Divaris K, Fisher EL, Shugars DA, White RP Jr. Risk factors for third molar occlusal 





SEDENTEXCT. Project Radiation protection: cone beam CT for dental and 
maxillofacial radiology. European Commission. Radiation Protection. Evidence based 
guidelines. Geneva, Switzerland: European Commission. 2012. Available from: 
http://wwwsedentexcteu/guidelines 
Flygare L, Ohman A. Preoperative imaging procedures for lower wisdom teeth 
removal. Clin Oral Investig. 2008;12(4): 291-302. 
Ghaeminia H, Meijer GJ, Soehardi A, Borstlap WA, Mulder J, Vlijmen OJ, Bergé SJ, 
Maal TJ. The use of cone beam CT for the removal of wisdom teeth changes the 
surgical approach compared with panoramic radiography: a pilot study. Int J Oral 
Maxillofac Surg. 2011;40(8): 834-9. 
Gomes AC, Vasconcelos BC, Silva ED, Caldas Ade F Jr, Pita Neto IC. Sensitivity and 
specificity of pantomography to predict inferior alveolar nerve damage during 
extraction of impacted lower third molars. J Oral Maxillofac Surg. 2008;66(2): 256-9. 
Jaju PP, Jaju SP. Cone-beam computed tomography: Time to move from ALARA to 
ALADA. Imaging Sci Dent. 2015;45(4): 263-5. 
Kamburoglu K, Kolsuz E, Murat S, Yüksel S, Ozen T. Proximal caries detection 
accuracy using intraoral bitewing radiography, extraoral bitewing radiography and 
panoramic radiography. Dentomaxillofac Radiol. 2012;41(6): 450-9. 
Marciani RD. Third molar removal: an overview of indications, imaging, evaluation, and 
assessment of risk. Oral Maxillofac Surg Clin North Am. 2007;19(1): 1-13. 
Matzen LH, Christensen J, Wenzel A. Patient discomfort and retakes in periapical 
examination of mandibular third molars using digital receptors and film. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2009;107(4): 566–72. 
Matzen LH, Wenzel A. Efficacy of CBCT for assessment of impacted mandibular third 
molars: a review - based on a hierarchical model of evidence. Dentomaxillofac Radiol. 
2015;44(1): 20140189.  
National Council on Radiation Protection and Measurements. NCRP: achievements of 




program. Bethesda: NCRP; 2014 [cited 2015 June 8]. Available from: 
http://www.ncrponline.org/Annual_Mtgs/2014_Ann_Mtg/PROGRAM_2-10.pdf 
Nejaim Y, Silva AI, Brasil DM, Vasconcelos KF, Haiter Neto F, Boscolo FN. Efficacy of 
lead foil for reducing doses in the head and neck: a simulation study using digital 
intraoral systems. Dentomaxillofac Radiol. 2015;44(8): 20150065. 
Neves FS, Souza TC, Almeida SM, Haiter-Neto F, Freitas DQ, Bóscolo FN. Correlation 
of panoramic radiography and cone beam CT findings in the assessment of the 
relationship between impacted mandibular third molars and the mandibular canal. 
Dentomaxillofac Radiol. 2012;41(7): 553-7.  
Ohman A, Kivijärvi K, Blombäck U, Flygare L. Pre-operative radiographic evaluation of 
lower third molars with computed tomography. Dentomaxillofac Radiol. 2006;35(1): 30-
5. 
Pell GJ, Gregory BT. Impacted mandibular third molars: classification and modified 
techniques for removal. Dent Diag. 1933;39: 330–8. 
Petersen LB, Christensen J, Olsen K, Wenzel A. Postoperative complications after 
mandibular third molar removal based on panoramic radiography or cone beam CT-
scanning: a randomized controlled clinical study. EADMFR 2012; Abstr OP113. 
Petersen LB, Olsen KR, Christensen J, Wenzel A. Image and surgery-related costs 
comparing cone beam CT and panoramic imaging before removal of impacted 
mandibular third molars. Dentomaxillofac Radiol. 2014;43(6):20140001.  
Renton T, Hankins M, Sproate C, McGurk M. A randomised controlled clinical trial to 
compare the incidence of injury to the inferior alveolar nerve as a result of coronectomy 
and removal of mandibular third molars. Br J Oral Maxillofac Surg. 2005;43(1): 7-12. 
Rood JP, Shehab BAAN. The radiological prediction of inferior alveolar nerve injury 
during third molar surgery. Br J Oral Maxillofac Surg 1990;28: 20–5. 
Schropp L, Stavropoulos A, Gotfredsen E, Wenzel A. Calibration of radiographs by a 





Sedaghatfar M, August MA, Dodson TB. Panoramic radiographic findings as predictors 
of inferior alveolar nerve exposure following third molar extraction. J Oral Maxillofac 
Surg. 2005;63(1): 3-7. 
Shelley AM, Brunton P, Horner K. Subjective image quality assessment of cross 
sectional imaging methods for the symphyseal region of the mandible prior to dental 
implant placement. J Dent. 2011;39(11): 764-70. 
Tantanapornkul W, Okouchi K, Fujiwara Y, Yamashiro M, Maruoka Y, Ohbayashi N, 
Kurabayashi T. A comparative study of cone-beam computed tomography and 
conventional panoramic radiography in assessing the topographic relationship 
between the mandibular canal and impacted third molars. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2007;103(2): 253-9. 
Terry GL, Noujeim M, Langlais RP, Moore WS, Prihoda TJ. A clinical comparison of 
extraoral panoramic and intraoral radiographic modalities for detecting proximal caries 
and visualizing open posterior interproximal contacts. Dentomaxillofac Radiol. 
2016;45(4): 20150159. 
Wenzel A, Møystad A. Work flow with digital intraoral radiography: a systematic review. 
Acta Odontol Scand. 2010;68(2): 106-14. 
Winter GB, ed. Principles of exodontia as applied to the impacted third molar. St Louis: 
American medical Books, 1926.  
Ziccardi VB, Zuniga JR. Nerve injuries after third molar removal. Oral Maxillofac Surg 





Apêndice 1 – Metodologia Detalhada 
 
1.1 Aspectos éticos 
Esse estudo foi aprovado pelo Comitê de Ética em Pesquisa da Faculdade de 
Odontologia de Piracicaba, da Universidade Estadual de Campinas – FOP/UNICAMP 
– protocolo nº 108311/2016 
 
1.2. Preparo da amostra 
A amostra foi composta por imagens de radiografia panorâmica, interpromal 
extraoral e tomografia computadorizada de feixe cônico de 1 crânio e 20 mandíbulas 
humanas secas, pertencentes à Área de Radiologia Odontológica da Faculdade de 
Odontologia de Piracicaba, UNICAMP, Brasil. Os critérios de inclusão adotados foram: 
mandíbulas que apresentavam bom estado de conservação e que possuíam pelo 
menos um dos terceiros molares inferiores. Foram excluídos do estudo mandíbulas 
com lesões intraósseas na região dos terceiros molares e/ou fraturas ósseas, 
dentárias ou alveolares, dentes com formação radicular incompleta e dentes com 
extensa destruição por lesão cariosa. Ao final, foram obtidas imagens de 34 terceiros 
molares inferiores, dos quais 30 apresentavam o segundo molar adjacente. 
 
1.3. Aquisição das imagens 
1.3.1. Radiografias panorâmicas e inteproximais extraoral 
As radiografias panorâmicas e inteproximais extraoral foram adquiridas por 
meio do aparelho digital Cranex 3D (Soredex, Tuusula, Finland), operando a 57 kVp 
e 6,3 mA, e com tempo de exposição de 16,4s para as radiografias panorâmicas e 
8,6s para as inteproximais extraoral. Para as aquisições, cada mandíbula foi fixada ao 
crânio seco e ambos foram posicionados no aparelho, de modo que o plano sagital 
mediano ficasse perpendicular ao plano de Frankfurt (linha imaginária que vai da 
porção mais superior do meato acústico externo ao ponto mais inferior do rebordo 
infraorbitário) e este paralelo ao solo. Além disso, as guias de orientação luminosas 




camada de imagem, simulando o correto posicionamento de um paciente. A 
radiografia panorâmica e a interproximal extraoral de cada conjunto crânio/mandíbula 
foram obtidas em sequência, sem mudá-los de posição, a fim de padronizar as 
aquisições em ambas as modalidades de imagem (Figura 1). 
 
Figura 1 – Crânio e mandíbula humanas secas posicionadas de acordo com as linhas 
de referência para a aquisição da radiografia panorâmica e interproximal extraoral. 
 
 
1.3.2. Tomografias computadorizadas de feixe cônico (TCFC) 
Antes das aquisições tomográficas, as mandíbulas foram posicionadas em um 
recipiente cilíndrico de polietileno com auxílio de cera utilidade adaptado à região 
posterior do corpo da mandíbula. Além disso, a mandíbula foi totalmente submersa 
em água com o intuito de atenuar o feixe de radiação X, simulando a atenuação da 
radiação equivalente aos tecidos moles (Shelley et al., 2011). 
 Após o preparo das mandíbulas, as imagens tomográficas foram adquiridas 
por meio do tomógrafo Picasso Trio (Vatech, Hwaseong, South Korea), operando a 
90 kVp, 5 mA, voxel de 0.2 mm e FOV de 8.5 cm x 12 cm, incluindo a região de ambos 
os terceiros molares inferiores. Os exames foram realizados com o phantom 




mediano da mandíbula estivesse perpendicular ao plano horizontal e coincidisse com 
a luz de referência do aparelho, reproduzindo o correto posicionamento do paciente 
(Figura 2). 
Figura 2 – Mandíbula humana seca submersa em água posicionada dentro de 
recipiente cilíndrico de polietileno com auxílio de cera utilidade para a aquisição de 




1.4. Avaliação das imagens 
Todas as imagens foram avaliadas independentemente por dois examinadores 
treinados, um cirurgião-dentista e uma mestre em Radiologia Odontológica, ambos 
com experiência mínima de três anos em diagnóstico por imagem. As avaliações 
foram realizadas através de um computador com monitor LCD (Liquid Crystal Display) 
de 24.1 polegadas e resolução de 1920 x 1200 pixels (MDRC-2124, Barco N.V., 
Courtray, Belgium), em uma sala silenciosa e em condições de pouca luminosidade. 
A manipulação das imagens (ajuste das ferramentas de zoom, brilho e contraste) foi 
realizada quando necessário, para facilitar as avaliações. As imagens radiográficas 
foram exportadas no formato TIFF (tagged image file format) e avaliadas no software 
Image J (National Institutes of Health, EUA), enquanto as imagens de TCFC foram 




radiografia panorâmicas, interproximal extraoral e de TCFC foram avaliadas em 
momentos distintos e independentes, com intervalo de duas semanas entre eles.  
 
1.4.1. Avaliação das radiografias panorâmicas e inteproximais extraoral 
As seguintes variáveis relacionadas ao terceiro molar inferior foram analisadas 
em ambas as modalidades de imagem: I, posicionamento dentário (inclinação e 
profundidade); II, relação de proximidade com o canal da mandíbula; e III, relação de 
contato com o segundo molar inferior. 
A posição dos terceiros molares foi classificada em vertical, horizontal, 
mesioangular ou distoangular, de acordo com os critérios estabelecidos por Winter 
(1926), que considerou a inclinação do longo eixo desses dentes. Para estabelecer 
essas inclinações foi medido o ângulo formado entre o longo eixo do terceiro molar e 
a linha que tangencia o plano oclusal, da seguinte forma: vertical (61º a 90º), 
mesioangular (31º a 60º), horizontal (0º a 30º) e distoangular (>90º) (Almendros-
Marqués et al., 2008). Já a profundidade dos terceiros molares foi avaliada de acordo 
com a classificação de Pell e Gregory (1933), que se baseia na relação do dente com 
o ramo ascendente da mandíbula e com o plano oclusal, da seguinte maneira: 
- Relação com o ramo ascendente da mandíbula: 1, quando existe espaço suficiente 
entre o ramo mandibular e a porção distal da coroa do segundo molar para a 
acomodação do diâmetro mesio-distal do terceiro molar; 2, quando o espaço entre o 
ramo mandibular e a porção distal da coroa do segundo molar é menor que do 
diâmetro mesio-distal do terceiro molar; e 3, quando todo o terceiro molar, ou a maior 
parte dele, está localizado dentro do ramo mandibular. 
- Relação com o plano oclusal:  A, parte da coroa do terceiro molar está acima do 
plano oclusal; B, a porção mais superior da coroa do terceiro molar está localizada 
entre o plano oclusal e a região cervical do segundo molar; e C, a porção mais superior 
da coroa do terceiro molar está localizada abaixo do plano que passa pela região 
cervical do segundo molar. 
A relação anatômica entre os ápices radiculares dos terceiros molares 
inferiores e o canal da mandíbula foi classificada como distante, em contato ou 




apresentava mais próxima ao canal da mandíbula. Nos casos de distância, foram 
realizadas subclassificações em distantes >1mm ou ≤1mm (Bell, 2003). Além disso, 
os casos de sobreposição entre os terceiros molares e o canal da mandíbula foram 
avaliados quanto a presença dos sinais radiográficos de proximidade estabelecidos 
por Rood e Shehab (1990), que são: desvio do canal, estreitamento do canal, 
estreitamento de raiz, escurecimento das raízes, curvatura da raiz, ápice radicular 
bífido e perda da cortical do canal. Os casos de associação entre sinais radiográficos 
também foram registrados. 
 
Figura 3 – Imagens recortadas de radiografias panorâmicas mostrando as relações 
anatômicas entre os ápices radiculares dos terceiros molares e o canal da mandíbula, 




A relação mesio-distal entre os segundos e terceiros molares inferiores foi 
também avaliada e classificada como: distante, quando não houve ponto de contato 
entre esses dentes; em contato, quando houve um ponto de contato entre suas faces 
proximais; ou sobrepostas, quando houve sobreposição entre suas faces proximais 
(Figura 4).  
 
Figura 4 – Imagens recortadas de radiografias panorâmicas mostrando a relação 
mesio-distal entre o segundo e terceiro molar inferior, classificada como: distante (A), 






1.4.2. Tomografias computadorizadas de feixe cônico 
As imagens obtidas por meio da TCFC foram avaliadas a partir das 
reconstruções multiplanares para avaliação tridimensional entre o terceiro molar 
inferior e o canal da mandíbula e utilizadas como padrão de referência.  
A relação anatômica entre o ápice radicular do terceiro molar inferior e a cortical 
superior do canal da mandíbula foi avaliada a partir da metodologia adaptada do 
estudo de Chong et al. Foi estabelecido uma reconstrução coronal corrigida de acordo 
com o longo eixo da raiz mais próxima ao canal da mandíbula. Incialmente foi definida 
uma linha horizontal passando pelo ápice radicular. Em seguida foi estabelecida uma 
classificação baseada na relação vertical compreendida entre a cortical superior do 
canal até a linha horizontal pré-definida. Quando o canal da mandíbula estava abaixo 
da linha horizontal uma medida vertical foi realizada e a relação classificada como 
distante. Quando a cortical superior do canal tocava a linha horizontal, esta foi 
classificada como “em contato”. E por último, quando o canal apresentava-se acima 








Figura 5 – Imagens de TCFC mostrando a relação vertical entre ápice radicular do 
terceiro molar e o canal da mandíbula, classificada como: distante (A), em contato e 
adjacente a raiz (C).  
  
 
Após a avaliação das imagens, os achados relacionados às variáreis 
qualitativas foram comparados e, nos casos de discordância, as imagens foram 
reavaliadas em conjunto até que um consenso final fosse alcançado. Para as variáveis 
quantitativas (distância entre o canal da mandíbula e o ápice radicular do terceiro 
molar), as médias das mensurações realizadas pelos dois avaliadores do estudo 
foram obtidas e utilizadas para a comparação das modalidades de imagem. 
 
1.5. Dosimetria 
A mensuração da dose de exposição de superfície relacionada às radiografias 
panorâmica e ao exame radiográfico interproximal extraoral foi realizada por meio de 
dosímetros termoluminescentes (TLDs) (TLD-100, LiF: Mg, Ti, tamanho 3x3x1mm), 
os quais foram distribuídos ao longo de sete locais pré-determinados na região de 
cabeça e pescoço de um phantom antropomórfico (Nacional Ossos, Brasil) (Nejaim et 
al., 2015) (Tabela 1). Os parâmetros energéticos selecionados para esta avaliação se 
equivalem aos parâmetros recomendados para um adulto médio, 66 kVp, 8 mA, e com 
tempo de exposição de 16,4s para as radiografias panorâmicas e 8,6s para as 





Tabela 1. Localização dos TLDs no phantom antropomórfico. 
TLD ID Local (região de interesse) 
1 Cristalino – lado direito 
2 Cristalino – lado esquerdo 
3 Glândula Parótida – lado direito 
4 Glândula Parótida – lado esquerdo 
5 Glândula Submandibular – lado direito 
6 Glândula Submandibular – lado esquerdo 
7 Glândula Tireóide 
 
Foram posicionados três TLDs nos locais pré-determinados para cada 
modalidade de imagem avaliada. Além disso, outros três TLDs foram mantidos fora 
da sala de exames a fim de mensurar a dose de radiação ambiental a ser 
posteriormente subtraída dos valores dosimétricos encontrados. Os TLDs 
posicionados no phantom antropomórfico foram expostos cinco vezes, sem mudança 
de posicionamento, para possibilitar a detecção de baixas doses de radiação pelo 
dosímetro (Figura 6). A leitura dos TLDs foi realizada por meio de uma leitora Harshaw 
2000 (Thermo Fisher Scientific Inc., Waltham, MA, USA). Para verificação da 
reprodutibilidade dos valores encontrados, a dosimetria foi realizada duas vezes. As 
médias dos valores finais foram calculados e divididos pelo número de vezes em que 
houve exposição aos TLDs (cinco vezes) para determinar a dose de exposição de 







Figura 6 - Phantom antropomórfico posicionado no aparelho Cranex3D de acordo com 






1.6. Análise estatística 
Os dados foram tabulados em uma planilha Microsoft Office Excel 2013 
(Microsoft Corporation, Redmond, WA, USA) e analisados por meio do software SPSS 
versão 19.0 (SPSS, Inc, Chicago, IL). A concordância interavaliador foi calculado 
usando o teste de Kappa ponderado para verificar a concordância antes do consenso 
entre os avaliadores. O teste de McNemar Bowker foi utilizado para avaliar as 
variáveis categóricas relacionadas aos terceiros molares. As doses de exposição de 
ambos os exames foram comparadas por meio do teste ANOVA two-way e o 
coeficiente de correlação intraclasse (ICC), usado para verificar a reprodutibilidade 






Anexo 1 - Comitê de Ética em Pesquisa 
 
